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Abstract Methanolic extracts from the leaves of Rosmar-
inus officinalis (rosemary) harvested from different loca-
tions of Turkey at four different times of the year were
analyzed by HPLC, and their radical scavenging capac-
ities and antioxidant activities were studied by various
assays. The amounts of carnosol, carnosic acid and ros-
marinic acid, active constituents of rosemary, varied in dif-
ferent geographical regions of growth, and also showed
a seasonal variation. The levels of the constituents were
higher in the warm months of June 2004 and Septem-
ber 2004. The antioxidant activities of 12 extracts were
determined by in vitro DPPH radical scavenging activity,
by Trolox equivalent antioxidant capacity (TEAC), and by
reversing H2O2-induced erythrocyte membrane lipid per-
oxidation (EMLP). The two antioxidant enzyme activi-
ties of human erythrocyte, namely superoxide dismutase
(SOD) and catalase (CAT), after in vitro incubation with
the extracts, were also examined in order to see whether
the observed effects are related to altered enzymatic ef-
ficiency. The resulting values were correlated with active
metabolite and total phenol contents of the extracts. The
results indicated that the plants harvested in September
possessing higher levels of active constituent had supe-
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rior antioxidant capacities compared to the ones collected
at other times. With respect to the location, plants har-
vested from the Izmir region had lower total phenol and
active constituent levels resulting in poorer antioxidant
activity.
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Introduction
Using antioxidants against oxidative stress in humans has
attracted considerable interest for the last two decades. Pu-
rified antioxidants should be added to foodstuffs at an ad-
equate concentration. An approach could be to use natural
combination of various antioxidants as herbal mixtures or
extracts. By doing this, the aim is to prevent oxidative
stress-related disorders in humans. Oxidative stress and
subsequent cellular damage is induced mainly by extremely
reactive species called free radicals. Free radicals can eas-
ily damage the structural and functional components of
the cells such as lipids, proteins, carbohydrates, DNA and
RNA. They are generally byproducts of various endoge-
nous processes that can be stimulated by external factors
such as air pollution, irradiation, smoking, stress and tox-
ins present in food and/or drinking water. The data have
shown that oxidative stress arises from an imbalance of ox-
idant/antioxidant ratio in the human body and contributes
to the etiology of many chronic diseases of high prevalence
[1, 2] such as brain dysfunction [3], cancer, and cardio-
vascular diseases [4, 5]. Antioxidants can prevent/retard
the oxidation caused by free radicals and sufficient intake
of antioxidants is supposed to protect against these dis-
eases. In biological systems, the antioxidants are defined
as “any substance that, when present at low concentrations
compared to those of an oxidizable substrate, significantly
delays or prevents oxidation of that substrate.” This cov-
ers all oxidizable cellular substrates, i.e., above-mentioned
lipids, proteins, DNA, and carbohydrates [6].
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Rosmarinus officinalis L. (rosemary) is of commercial
interest for its essential oil content and its antioxidant con-
stituents. During the past decade, antioxidant compounds
from rosemary have received increasing interest for their
use instead of synthetic antioxidants such as butylated hy-
droxyanisole and butylated hydroxytoluene. There are sev-
eral reports that identify the compounds that are chiefly
responsible for the antioxidant properties of rosemary ex-
tracts and that establish carnosic acid as the major phenolic
diterpene present in rosemary [7]. The principal compo-
nents responsible for the distinctive antioxidant activity of
rosemary are reported to relate to the presence of three
phenolic compounds, carnosic acid, carnosol [8], and ros-
marinic acid [9]. These compounds are described in the
literature and have been isolated and identified by numer-
ous authors and they are potent antioxidants [10].
In this study, the purpose was to screen Rosmarinus of-
ficinalis extracts for free radical scavenging capacity and
antioxidant activities with a special focus on growing geog-
raphy and variations in harvesting times, thereby making a
reflection on two different parameters affecting antioxidant
activity. In addition, SOD and CAT activities were exam-
ined after in vitro incubation of fresh human erythrocytes
with the extracts, to analyze whether any alteration in these
antioxidant enzyme activities contributes to their effect on
MDA production after H2O2 challenge.
Materials and methods
Chemicals
Folin-Ciocalteu’s reagent, 2,2-diphenyl-1-pycrilhydrazil
hydrate (DPPH), 2,2′-azinobis(3-ethylbenzothiazoline-6-
sulfonic acid) ABTS, butylated hydroxyanisole (BHA),
butylated hydroxytoluene (BHT), α-tocopherol, thiobar-
bituric acid (TBA), tetraethoxypropane (TEP), quercetin,
pyrogallol, Trizma TM base, and sodium carbonate were
obtained from Sigma, gallic acid and rosmarinic acid (97%)
(lot no: 456976/1) from Fluka, carnosol (98%) (lot no:
A7531) and carnosic acid (93%) (A7781) from A.G. Sci-
entific, trolox and potassium persulfate were obtained from
Acros Organics (The Netherlands). The HPLC-grade or-
ganic solvents methanol and acetonitrile, sodium azide,
potassium monohydrogen phosphate, potassium dihydro-
gen phosphate, hydrogen peroxide solution, and Na2EDTA
were purchased from Merck. All other chemicals were of
analytical grade purity.
Plant material
Rosmarinus officinalis specimens were collected from three
different locations namely, Canakkale (southern Marmara
region, the coolest climate), Izmir (Aegean region, mod-
erately hot), and Mersin (eastern Mediterranean region,
the hottest) on four different time intervals being Decem-
ber 2003 (represented by C-S1, I-S1, M-S1 respectively),
March (C-S2, I-S2, M-S2), June (C-S3, I-S3, M-S3), and
September 2004 (C-S4, I-S4, M-S4). The specimens were
dried at 30 ◦C in a conventional oven to 7% final moisture
content on dry basis and stored in the cold room ( + 4 ◦C) of
Ege University Science and Technology Center for a week
before use.
Preparation of methanolic extracts
The dried aerial parts are grinded prior to the operation and
then 100 g of grinded rosemary were submitted to water
distillation for 4 h using a Clevenger apparatus in order to
remove volatile oils. After that the distillate was filtered,
air-dried, and then extracted by using a Soxhelet apparatus
for nine cycles [7, 11] to obtain the methanolic extracts
from which the solvents were evaporated using a rotary
vacuum evaporator and stored in a fridge at + 4 ◦C.
HPLC analysis of the extracts
Before HPLC analysis, the sample solution was prepared
by dissolving 4.0 mg of extract in 4.0 ml of methanol.
HPLC analyses were performed with Waters 2695 equipped
with an autosampler (injection volume 20 µl). The column
was a Zorbax C18, 5 µm, 250 mm × 4.6 mm. The mobile
phase was a mixture of solvent A (methanol) and solvent B
(850 ml of 10 mM acetic acid and 150 ml of acetonitrile)
according to a linear gradient, lasting 35 min, changing
from 90% B to 0% B in 30 min, at a flow rate of 1.5 ml/min.
The detection was attained by using a Waters 2487 Dual
absorbance UV detector. The signals at a wavelength of
285 nm were stored and collected by Chromperfect data
management software (Justice Laboratory Software, UK).
The data is expressed as mg of each phenolic compound
per g extract.
Antioxidant assays
Total phenol assay
The total phenols in the plant extracts were determined by
Folin–Ciocalteu method described by Dorman et al. [12]
with some modifications. Briefly, 70.0 mg of extract were
weighed and adjusted to a volume of 10.0 ml by methanol,
then 10 µl aliquot of rosemary extract was pipetted and
added into a tube containing Milli-Q water (final volume
10 ml). Then 500 µl of Folin-Ciocalteu’s reagent was added
and the solution is stirred vigorously by vortex and left to
stand for 5 min. Finally, 1.5 ml of saturated sodium carbon-
ate solution is added, stirred vigorously for the last time and
left to stand at room temperature for an hour. Absorbance
was determined spectrophotometrically at 760 nm using a
Unicam Helios-alfa spectrophotometer. Gallic acid is used
as a standard, determination of total phenols was carried
out in duplicate, the results are mean values, calculated on
the starting material weight basis and given as gallic acid
equivalent (GAE) per g of extract.
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DPPH (2,2-diphenyl-1-pycrilhydrazil hydrate) radical
scavenging activity assay
DPPH assay was carried out as described by Amarowicz
et al. [13] with minor modifications. This radical serves as
the oxidizing radical to be reduced by the antioxidant (AH)
and as the indicator for the reaction DPPH• + AH →
DPPH-H + A• [6]. Different concentrations of the sample
solution varying from 0.2 mg to 2.0 mg of extract adjusted
to a volume of 4.0 ml by methanol were tested and the
highest radical scavenging activity results were obtained
with 0.5 mg of extract completed to a volume of 4.0 ml,
therefore this concentration was applied to all the samples.
Then 0.5 ml of 1 mM methanolic solution of DPPH• was
added to the sample solution. The contents were stirred vig-
orously for 15 s. and then left to stand at room temperature
for 30 min. Decrease in colorization was measured spec-
trophotometrically at 517 nm using a Unicam Helios-alfa
spectrophotometer. The radical scavenging activity (RSA)
was calculated using the equation below;
%RSA = 100 × (1 − AE/AD)
AE is the absorbance of the solution containing antioxi-
dant extract whereas AD is the absorbance of the DPPH•
solution.
Trolox equivalent antioxidant capacity (TEAC) assay
TEAC assay was carried out as described in a protocol
by Re et al. [14] with slight modifications. This method
is based on the reaction between ABTS (2,2′-azinobis(3-
ethylbenzothiazoline-6-sulfonic acid)) and potassium per-
sulfate giving blue/green ABTS radical (ABTS•). With the
addition of the antioxidants, decolorization is attained and
measured spectrophotometrically at 734 nm. The results
are expressed as mmol Trolox per fresh weight (kg) of
rosemary plants. ABTS is dissolved in water to a con-
centration of 7 mM and reacted with 2.45 mM potassium
persulfate at a molar ratio of 2:1 to form the ABTS• rad-
ical, left in the dark room overnight for 16 h. Stock solu-
tions of rosemary extracts (0.5 mg/ml), BHA (0.01 mg/ml),
BHT (0.01 mg/ml), α-tocopherol (0.1 mg/ml), and trolox
(0.01 mg/ml), were prepared in ethanol. Ten microliter
aliquot of both the extracts, positive controls and trolox
were pipetted into tubes, then the ABTS• solution was
added which had been diluted with PBS (pH 7.4) to an ab-
sorbance of 0.70 ± 0.02 AU at 734 nm, stirred vigorously,
and the absorbance was measured in time by a Multiskan
Spectrum Microplate Spectrophotometer (Finland).
Erythrocyte membrane lipid peroxidation (EMLP)
assay
EMLP assay was conducted as described previously [15] in
the presence or absence of the extracts in order to analyze
whether they prevent or delay the peroxidative degradation
of unsaturated fatty acids in human erythrocyte membrane.
Fresh blood samples from normal healthy donors were cen-
trifuged at 2,000 × g for 15 min. and plasma and buffy
coats were removed. Red blood cells (RBC) were washed
with phosphate buffered saline-PBS-(pH: 7.00, contain-
ing 140 mM NaCl) three times. Subsequently, 100 µl of
washed and packed erythrocytes were suspended in 850 µl
of phosphate saline azide buffer (3.4 mM, pH: 7.4), which
also contains the extract (0.34 mg final amount) or the sol-
vent (ethanol). Simultaneous incubations were performed
in the presence of three antioxidant references as positive
control substances: BHT (0.05 mM, final concentration),
vitamin C + vitamin E (80 mM + 20 mM, final concen-
tration), and quercetin (0.3 mM, final concentration). After
incubation in shaking water bath (80 revolutions per min)
at 37 ◦C for 30 min, 0.8 ml of 10 mM H2O2 was added to
induce the oxidative degradation of the membrane lipids.
After 2 h of further incubation at the same conditions, the
reaction was stopped with TCA. Subsequently, MDA in
the supernatant was derivatized with TBA. The HPLC with
fluorescence detection method of Templar et al. [16] was
applied to quantify the MDA-TBA complex after a slight
modification. The complex was extracted with n-BuOH by
vigorous stirring for 1 min, and 100 µl of this phase was
injected onto HPLC. The product was monitored by fluo-
rescence detection (excitation 515 nm, emission 532 nm).
Incubation with erythrocytes and enzyme activities
Two hundred microlitre RBCs were suspended in 2,200 µl
PBS, which contains the extract (0.34 mg final amount) or
positive control substance (at the same concentrations) and
ethanol as solvent. They were incubated in a shaking water
bath (80 revolutions per min) for 2.5 h at 37 ◦C. All exper-
iments were performed in triplicate. Following the incuba-
tion, PBS (including tested extract or antioxidant) was re-
moved by centrifugation (2,000 × g for 5 min) and red cells
were washed two times with PBS. They were hemolyzed by
adding 2 volumes of ice-cold nanopure water. Cellular de-
bris was removed by centrifugation (4,000 × g for 30 min).
Both erythrocyte enzymes, SOD, and CAT activities were
determined as described in previous studies [17, 18] and
detailed below. Enzyme activities were expressed in IU/g
protein.
Superoxide dismutase. Each hemolysate was further di-
luted 1:5 with 50 mM Tris-HCl buffer (pH = 8.2; con-
taining 1.2 mM EDTA). Twenty microliter of diluted
hemolysate was mixed with 2,900 µl of buffer solution in a
quartz cuvette. Subsequently, 100 µl of pyrogallol solution
(6 mM, in 10 mM HCl) was added to the mixture, mixed for
20 s, and decrease in absorbance was followed at 420 nm
for 2 min. Nonenzymatic reaction rate as blank was deter-
mined by substituting buffer solution for the sample and
this reaction rate was used for the activity measurements.
Catalase. CAT activity in erythrocyte lysate was mea-
sured after dilution of the RBC hemolysates 1:500 with
50 mM phosphate buffer, pH: 7.00, just before the mea-
surements. The reaction mixture was 50 mM phosphate
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Table 1 Phenolic compounds
quantified by HPLC Rosmarinic acid(mg/g extract) ± SEM
Carnosol
(mg/g extract) ± SEM
Carnosic acid
(mg/g extract) ± SEM
I-S1 8.8 ± 0.03 9.1 ± 0.05 7.7 ± 0.03
I-S2 4.5 ± 0.37 5.4 ± 0.08 9.4 ± 0.41
I-S3 18.6 ± 0.00 12.9 ± 0.12 26.4 ± 0.72
I-S4 20.4 ± 0.06 9.9 ± 0.02 27.8 ± 0.17
C-S1 14.0 ± 0.07 18.4 ± 0.05 28.2 ± 0.24
C-S2 21.5 ± 0.38 9.9 ± 0.19 40.6 ± 1.74
C-S3 28.5 ± 0.13 14.4 ± 0.02 18.0 ± 0.07
C-S4 30.4 ± 0.01 21.4 ± 0.08 44.2 ± 0.54
M-S1 1.2 ± 0.18 16.8 ± 0.05 61.6 ± 0.13
M-S2 0.4 ± 0.01 5.7 ± 0.11 3.8 ± 0.02
M-S3 1.3 ± 0.03 13.2 ± 0.13 34.1 ± 0.04
M-S4 7.9 ± 0.02 25.5 ± 0.04 115.8 ± 0.68
buffer pH 7.00, 10 mM H2O2 and erythrocyte lysate. The
reduction rate of H2O2 was followed at 240 nm for 30 s at
room temperature.
Protein
The protein content of the RBC lysates was determined
according to the method of Lowry modified by Miller [19]
using bovine serum albumin as standard.
Statistics
Statistical analyses of the data were performed by Student’s
t-test. A probability value of P ≤ 0.05 was considered to
denote a statistically significant difference, and P ≤ 0.01
was also used to show the power of the significance. Data
are presented as mean values ± SEM (standard error of
the mean).
Results and discussion
Seasonal and regional variation of carnosic acid,
carnosol, and rosmarinic acid
The compositions of each sample are presented in Table 1.
Figure 1 shows a typical HPLC chromatogram of one of
the samples and the standard compounds.
With respect to cultivation geography, the Mersin sam-
ples contained low levels of rosmarinic acid, while
Canakkale and Izmir samples had higher amounts. The ma-
jor component in most of the samples was carnosic acid.
The highest content of carnosic acid was found in the sam-
ples harvested from Mersin, which interestingly had the
lowest rosmarinic acid levels. The highest rosmarinic acid
value was attained for Canakkale samples varied from 14.0
to 30.4 mg/g. In all the samples, the carnosol contents rang-
ing from 5.4 to 25.5 mg/g, were lower than carnosic acid
contents, which ranged from 3.8 to 115.8 mg/g.
The seasonal profiles of marker compounds showed sig-
nificant differences among the samples harvested in De-
cember, March, June, and September. The seasonal pat-
terns of rosmarinic acid were different from diterpenes,
carnosol and carnosic acid. As seen in Table 1, the ros-
marinic acid contents in the Izmir and Mersin samples
increased steadily during the summer, peaked in Septem-
ber (30.4 mg/g), and dropped in December, and fell to a
minimum in March (0.4 mg/g). In the Canakkale samples,
the rosmarinic acid level raised gradually from Decem-
ber to September. Similar to the rosmarinic acid results,
the levels of carnosol peaked in September, then gradually
decreased, and reached the lowest values in March. This
is similar with the findings of del Bano et al. [20] where
the highest values for carnosol (for leaves) is observed be-
tween June and September, then having a declining trend
till February but on the contrary, with an increase in March.
In the case of carnosic acid, seasonal variation was not
as significant as the other two compounds. All the samples
harvested in September exhibited higher levels of carnosic
acid. Mersin samples showed the highest and lowest values
in September and March, respectively, for carnosic acid.
On the basis of the above-mentioned findings, it is to be
expected that the maximum levels for all three secondary
metabolites would be attained at the same period of harvest,
September. Since cooler months, December and March,
do not favor the accumulation of carnosol, carnosic acid,
and rosmarinic acid, one should avoid harvesting rosemary
during the winter and spring. Of the three locations, Mersin
samples had the highest carnosic acid levels.
The results of our study are not in accordance with the
observations of Hidalgo et al. [21], and Munne-Bosch et al.
[22]. Hidalgo and coworkers reported that carnosic acid
content increased gradually during the spring, peaked in
the summer months and then dropped abruptly in Septem-
ber. However, Munne-Bosch et al. [22] stated that carnosic
acid and carnosol concentrations were relatively high from
October to February and low from May until the end of
August. Our results showed highest values in September
samples. These different observations can be explained in
terms of geographical coordinates, climatic and soil condi-
tions, and variations of species.
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Seasonal and regional variation of total phenol content
The total phenols determined by the Folin–Ciocalteu
method varied from 147.3 to 70.3 mg GAE/g extract. Sam-
ples harvested from Canakkale had the highest total phenol
content ranging from 147.3 to 104.6 mg/g among the lo-
cations, while Izmir and Mersin samples showed lower
values for March and June harvests as shown in Fig. 2
(97.6–76.3 and 119.7–70.3 mg/g, respectively). The results
of total phenols determined by the Folin–Ciocalteu method
are higher than the total phenols quantified by HPLC which
can be found in the first column of Table 2 (which are the
mathematical additions of three phenolic compounds pre-
sented in Table 1) except for Mersin samples harvested in
September (M-S4). The low total phenol value of M-S4
could be due to the reason that M-S4 possesses a small
amount of rosmarinic acid (7.9 mg/g) and the response of
rosmarinic acid in the total phenol assay (481.4 mg GAE/g
Fig. 1 Typical chromatograms of M-S4 and the standard com-
pounds as response (mV) versus time (min). a The chromatogram
of the extract obtained from Mersin September harvests (M-S4). b
The chromatogram of the standard compound; rosmarinic acid. c
The chromatogram of the standard compound; carnosol. d The chro-
matogram of the standard compound; carnosic acid
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Fig. 1 Continued
standard material) is 1.5-fold higher than the response of
carnosic acid (311.4 mg GAE/g standard material).
Seasonal and regional variation of antioxidant
efficiency
The RSA values of 12 methanolic rosemary extracts
were determined and compared. Although there was
no statistically significant difference, extracts of Mersin
samples harvested in September showed the highest radical
scavenging activity. With regard to variations in harvesting
times, samples harvested in September exhibited higher
values (Table 2).
TEAC values ranged between 11.7 and 5.3 mmol Trolox
/kg FW. Among those, the Canakkale–March samples
had the highest value (11.7 mmol/kg). In order to give
449
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Fig. 2 Total phenol assay results for methanolic extracts derived
from rosemary harvested from different locations at different times
a rough idea of the calculated TEAC value, it is worth
mentioning that this value is higher than the TEAC val-
ues of wild and cultivated strawberry, green olive, pineap-
ple, and blueberry extracts, (11.34, 10.94 10.43, 9.91,
7.43 mmol Trolox/kg FW) and the TEAC values of all veg-
etable extracts listed by Pellegrini et al [23]. Considering
the locations of Izmir and Mersin, methanolic extracts out
of September harvests had higher TEAC values of being 8.4
and 9.7 mmol/kg, respectively. The differences between the
values in terms of locations and different harvesting times
can be seen in Table 2.
The antioxidant efficiency of various rosemary extracts
has further been evaluated by H2O2-forced human ery-
throcyte membrane lipid peroxidation (EMLP) test. Figure
3 represents the results as µM MDA formed upon H2O2
challenge. Three reference antioxidants were also used. As
expected, these diminished the peroxidative destruction of
membrane lipids, and formation of MDA, one of the major
breakdown products. Most of the rosemary extracts were
found to be efficient at various levels except C-S2, I-S1, I-
S2, I-S3, and I-S4. Contrary to the other samples, I-S2 and
I-S3 exhibited prooxidant activity and caused an increase
in MDA formation. The M series together with C-S4 were
found to be the most active antioxidants in the present in
vitro test conditions. M-S4 was the extract showed closest
effect to the three reference antioxidants; BHT, vitamin C
+ E combination and quercetin. When comparing these
EMLP results to the other two tests’ results, the Mersin
samples’ EMLP results correlate with those of TEAC re-
sults in general, and the September RSA result correlates
with both tests. In contrast to TEAC, EMLP value for C-S2
was not different than the control. The prooxidant action of
I-S2 and I-S3 in EMLP test was not confirmed by the other
two test systems. One must take into account that EMLP
test system examines the antioxidant efficiency of the ex-
tracts via a different mechanism than the other two assays.
It measures the inhibition of peroxidative degradation of
membrane lipids. This may occur by various ways such
as neutralizing the free radical(s) which start the process,
preventing the insertion of oxygen atom to lipid molecule,
or inhibiting the degradation of peroxidized lipid molecule
to malondialdehyde. Instead, the other two test assays mea-
sure directly and only the free radical neutralizing action
of the plant extracts. Additionally, it is known that antioxi-
dants have varying effects on different radical species.
Figure 4 represents the effects of the extracts on the ac-
tivity of SOD, one of the major antioxidant enzymes in
human erythrocytes. SOD catalyses dismutation of super-
oxide anion radical to H2O2. Two enzymes degrade H2O2:
glutathione peroxidase and CAT. Thus, SOD functions at
the first step to detoxify superoxide anion radical and the
other two enzymes complete the process. The most dra-
matic observation was that quercetin caused a fourfold in-
crease in SOD activity after 2 h of incubation with the pure
compound. BHT also increased the activity. In contrary, the
vitamin C + vitamin E combination decreased the activity
significantly. All the extracts caused significant increases in
SOD activity, except C-S1, I-S1, I-S4, and M-S4. Together
with the behavior of quercetin and BHT, and also most of
the extracts, it can be concluded that increased SOD activity
might contribute to the antioxidant effect.
Table 2 Results of different antioxidant assays conducted
Samples Total phenols by
HPLC (mg/g extract)
mg GAE/g extract % RSA TEAC
(mmol Trolox/kg FWa)
Lipid Peroxid.
(µM MDA)
I-S1 25.5 ± 0.05 76.3 ± 4.38 91.9 ± 0.98 6.9 ± 0.04 118.6 ± 5.6
I-S2 19.3 ± 0.70 97.6 ± 5.14 91.9 ± 0.12 6.3 ± 0.02 174.0 ± 10.1
I-S3 57.8 ± 0.84 95.1 ± 3.55 92.3 ± 0.35 7.6 ± 0.00 183.0 ± 8.1
I-S4 58.1 ± 0.21 95.3 ± 9.21 93.0 ± 0.12 8.4 ± 0.04 111.6 ± 6.7
C-S1 60.6 ± 0.22 104.6 ± 10.95 93.2 ± 0.00 5.7 ± 0.08 104.4 ± 2.1
C-S2 72.1 ± 2.31 147.3 ± 5.44 90.6 ± 0.12 11.7 ± 0.01 127.4 ± 4.9
C-S3 60.9 ± 0.18 105.1 ± 5.36 93.1 ± 0.52 7.1 ± 0.01 96.9 ± 4.1
C-S4 96.1 ± 0.61 113.1 ± 4.68 93.0 ± 0.12 5.3 ± 0.02 77.2 ± 10.2
M-S1 79.6 ± 0.26 91.0 ± 3.17 91.9 ± 0.40 8.7 ± 0.09 73.4 ± 3.7
M-S2 9.9 ± 0.12 70.3 ± 2.72 91.9 ± 0.46 8.5 ± 0.03 68.1 ± 2.1
M-S3 48.6 ± 0.14 77.4 ± 5.59 91.9 ± 0.29 5.7 ± 0.02 85.1 ± 1.7
M-S4 149.1 ± 0.74 119.7 ± 10.05 93.6 ± 0.17 9.7 ± 0.00 46.2 ± 7.2
BHT 249.2 ± 4.55 94.7 ± 0.40 21.4 ± 2.7
aFW: Fresh weight
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Results are expressed in terms of corresponding control activity and
represent mean + SEM (standard error of the mean) (n: 3). Key;
(∗) significantly different (p<0.01) from the corresponding control
activity, and (#) significantly different (p<0.05) from the correspond-
ing control activity. BHT, butylated hydroxy toluene; Vit C + Vit E,
vitamin C and E combination
Figure 5 represents the effects of the extracts on the ac-
tivity of CAT, the other major antioxidant enzyme in hu-
man erythrocytes. Since sodium azide is known as a potent
inhibitor of the enzyme, it has been used as a positive con-
trol in the assay. The result for vitamin C + vitamin E
combination could not be plotted since it caused hemol-
ysis during the incubation. In vivo degradation of H2O2
at physiological concentrations is catalyzed by glutathione
peroxidase, while higher concentrations are detoxified by
CAT. In this respect, any compound increasing the activ-
ity of CAT might be considered “beneficial,” since it will
contribute decomposing H2O2 and prevent the formation
of most dangerous hydroxyl radical. However, two refer-
ence antioxidants; BHT and quercetin, and also M series
extracts did not affect CAT activity, while C and I series
even diminished the activity significantly.
The findings confirm that different types of rosemary
samples harvested from different locations have a consid-
erable influence on the composition. Antioxidant activity
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Fig. 5 The effect of Rosmarinus officinalis extracts, sodium azide
and reference antioxidants on erythrocyte catalase (CAT) activity.
Results are expressed in terms of corresponding control activity and
represent mean ± SEM (standard error of the mean) (n: 3). Key; (∗)
significantly different (p<0.01) from the corresponding control ac-
tivity, and (#) significantly different (p<0.05) from the corresponding
control activity
of various extracts from different geographical locations
and from different time-points also varied significantly. In
general, all extracts showed high capacity in terms of neu-
tralizing free radicals (DPPH. and ABTS.), and inhibiting
MDA formation. Their effects on SOD activity may also
contribute to these effects. In specific, carnosic acid and
rosmarinic acid contents of the September harvests from
all three locations are higher than the rest of the sam-
ples harvested at different time-points; this also applies
to the total amount of three phenolic compounds quanti-
fied by HPLC. September harvests also had the highest
values in lipid peroxidation and radical scavenging assays.
Although September harvests do not possess the highest
values for some locations in regards to the total phenol
and TEAC assays, they still have high values indicating
high antioxidant activity. Thorsen and Hildebrandt [24]
stated that the quality as antioxidant agent and the price
of commercial rosemary extract are highly correlated to
the content of primarily carnosic acid and secondly to
the total content of phenolic diterpenes including carnosol.
From this perspective, samples harvested from Mersin re-
gion are of more commercially important compared to the
samples harvested from the other two locations. In conclu-
sion, this study has shown variations of the individual com-
pounds with respect to quality and activity indicators of
rosemary.
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